Laser cladding technology is used to prepare TC11 titanium alloy surface coated CBN. Through the finite element method to simulate the movement of scratch experiment. When coating is under normal force and tangential force, through changing the thickness of the layers, the coating crack length and width of crack, coating in force is analyzed when the interface stress affects on coating. Simulations that the interface stress value of 0.2mm coating reach to 1.485Gpa, The interface stress value of 0.5mm crack length reach to 0.3707Gpa, The interface stress value of 0.06mm crack width reach to 0.2234Gpa.
Introduction
Through test, the micro hardness of the coating and substrate are improved significantly. However, when the crack occurs in CBN cladding layer, the coating could come off due to the expansion of cracking. To make sure the improved titanium alloy meets the requirement, and the CBN coating can stick to TC11 substrate surface firmly, the binding force between CBN coating and TC11 titanium alloy determines the quality of the whole coating. Therefore, the binding force between coating and substrate is the key factor to evaluate the quality and practicability. [1] The micrographs of coating and crack as shown in figure.1 and figure. 2. 
Model of Finite Element Analysis of Scratch Experiment
Description of Finite Element Model. The finite element model applied in the paper is to simulate the movement situation at the beginning of crack experiment, when the head contacts the coating surface and a forces is placed on the towards normal and tangential direction. [2] In terms of coating system, cladding CBN coating of TC11 substrate with 5mm thickness, under the assumption that the binding interface between CMN coating and TC11 titanium alloy is ideal, and two of them is considered as a completed object. When modeling, the cone-shaped head with cone angle of 136 is used, and assume that the stress head is rigid, coating structure is a simplified ideal elastic plastic model. Due to the local plastic distortion during the process of pushing material, friction on the contact interface between stress head and coating is considered. The procedure of pressure head into coating is illustrated in Fig.3 . Boundary Conditions. Through the model description, the computation is bounded by the x-direction when computing the model on the edge of line X = a, and it is bounded by y-direction when computing the bottom edge of line Y = 0, while it is free from the boundary at the other two sides. On the contact interface, computation is restricted by y-direction, friction is taken into account on x-direction. The details of boundary condition is given in Fig. 4 .
Grid Division. To improve the computing accuracy, and save computation time, the grids on the area of the head and cracking can be more dense, in order to describe the force distribution on the interface, while the grids on other areas can besparse toimprove the computation efficiency.C3D8R is selected as the model cell, due to considering the eight-node reduced integration unit of the hexahedral distorted contact area. As for the head unit, C3D4 four-node element is selected.
Material Parameter. For the model used in the scratch experiment, each material is assumed to be ideal homogeneous isotropic elastic-plastic continuum, and subject to Misescondition. The parameters are listed in Table. 1. 
Analysis Process and Results
Since the cracking and falling of the coating are mainly due to the accumulation of elastic distortion and large interface stress, the cracking of coating and its expansion is caused by the interior stress of the coating, and the falling of coating is caused by the stress on the interface, only stress field on the interface between coating and substrate is analyzed in the paper.
The Impact of Various Thickness of Coating on Coating Interface Stress. CBN coating with three different thickness (0.2mm, 0.3mm, 0.5mm) is melted on the TC11 titanium alloy substrate with thickness of 5mm.The increment of tangential displacement is 0.5mm/s, embedded depth is 0.15mm, and tangential displacement increment is 0.5mm/s, and the horizontal displacement is 0.1mm.
The middle of the coating interface is considered as the embedded point, normal and tangential displacement is forced on the head. It can be seen from Fig.5 and Fig.6 that, when forcing the same normal and tangential displacements, if the coating thickness is 0.2mm, the largest stress on the interface is 1.485Gpa. As the coating is thinner, the stress is larger, the impact on the interface is larger, the stress gradient between coating and substrate is larger, and the crack is easily formed, causing the inefficiency of the falling coating. The Impact of Length of Crack on the Coating Interface Stress. The computation model adopts CBN coating with 0.2mm, TC11 Titanium alloy with thickness of 5mm, the model with the same position(i.e. The middle of the interface between coating and substrate, below the head) and the same shape. The head is placed in the middle of the coating interface, where the two models of crack apply different lengths, 0.4 and 0.5mm respectively, and the same wideness of 0.06mm. The increment of tangential displacement is 0.5mm/s, embedded depth is 0.15mm, and increment of normal displacement is 0.5mm/s, and the horizontal displacement is 0.1mm.
It can be seen from the Fig.7 and Figure 8that , the stress on the coating interface with 0.5mm crack (the largest stress is 3.707e8) is larger than that with 0.4mm crack(the largest stress is 2.334e8), as well as the variation range of stress inside the coating. This shows that because of the existence of crack within the coating, the coating with long crack decreases the interaction area between coating and substrate, enlarges the drawback of the coating, decreases the impact and binding force between coating and substrate, and expand the crack in the coating. It can be seen from Fig.9 and Fig.10 that the stress distribution of coating interface stressis similar, the stress on the coating interface with 0.05mm wideness of crack (the largest stress is 1.952e8) is larger than that with 0.06mm wideness of crack(the largest stress is 2.334e8). Under the force of the same, matrix of narrow crack width is easily occurred plastic deformation, Coating with wider crack is easier to failure because of crack growth.
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Conclusion
With the same enforcement of normal and tangential displacement, the thinner the CBN coating is, the easier the coating comes off. If the thickness of coating is not restricted, the thicker the coating is, the better the quality is; For the crack on the interface between CBN coating and substrate, the coating with long crack decreases the interaction area and decreases the binding force between coating and substrate. With the same forces, the coating with long crack is easier to come off; Coating with wider crack is easier to cause the crack expansion, thus resulting in inefficiency of the coating.
